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Since the phenomenon of local skin reactivity to bacterial filtrates was first 
described, attempts have been made to reproduce it with culture filtrates, different 
culture products and live cultures of a great variety of microorganisms  including 
B. tuberculosis (1).  Nasta reported failure to elicit the phenomenon with tuber- 
culin, O.T. (2).  According to Bieling, Oelrichs was able to obtain it with certain 
culture filtrates of  B.  tuberculosis (3).  In  her  experiments,  the phenomenon- 
producing factors were not related to the substances  responsible  for tuberculin 
hypersensitiveness.  Bordet observed reactions in guinea pigs at the site of intra- 
dermal  inoculations  of  B CG  cultures  following  the  intravenous  injection  of 
B.  coli culture materials  (4).  Freund  reported  that  intravenous  injection  of 
B. typhosus culture filtrate produced severe reactions at the site of intradermal 
tuberculin tests in guinea pigs sensitized  with B C G cultures.  He obtained  no 
reactions in normal guinea pigs (5). 
The object of the work embodied in this paper was to investigate 
further the phenomenon-producing properties of various preparations 
from cultures of  tubercle  bacilli, with  special  reference  to processes 
of  tuberculin  hypersensitiveness. 
Strains.--The  strains  of B.  tuberculosis employed were  the  Bovine Type-- 
Ca 458-559 (of New York City Board of Health); Human Type--HsT; and Avian 
Type--823 of the American Type Culture Collection. 
Cultures.--The strains employed were each seeded on the surface of 250 cc. 
of 5 per cent glycerine broth pH 7.2 placed in 1000 co. Erlenmeyer flasks.  The 
cotton plugs  were sealed  with  paraffin  and  the  cultures incubated at  37.5°C. 
The length of the incubation period is indicated in the tables. 
Filtrates.--The  cultures  were  centrifuged at  high  speed.  The  clear  super- 
natant  fluid  was  decanted and filtered through Berkefeld V  candles.  Sterility 
controls were made on plain agar slants and Lowenstein media. 
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Tuberculin, O.T.--Cultures  were heated in the Arnold sterilizer for 1½ hours 
and filtered through one layer of sterile filter paper.  The filtrates were trans- 
ferred to sterile beakers and evaporated to 1  : 10 original volume in the water bath 
at 56°C.  The length of time required for evaporation varied from 24 to 36 hours. 
The  experiments  described  in  this  part  of  the  paper  deal  with 
attempts  to  elicit  the  phenomenon  of  local  skin  reactivity  to  B. 
tuberculosis  in  normal rabbits  by  the  utilization  of products  of the 
bacilli for intradermal and intravenous injections. 
In preliminary experiments, the primary irritating effect of intra- 
dermal injections of tuberculin, O.T., and various culture filtrates was 
studied.  Filtrates  gave  no  local  reactions.  Undiluted  tuberculin 
frequently produced pustules with hemorrhagic zones at the periphery 
24  hours  after intradermal injections.  Dilutions  1:3  elicited small 
pustules with a bright red erythema at the periphery.  Dilutions 1:5 
and higher gave no noticeable inflammatory response.  The irritation 
described was apparently due to the high concentration of glycerine, 
since preparations of 25 and 50 per cent glycerine in plain sterile broth 
gave similar reactions.  In the experiments which follow, it seemed 
advisable  to  avoid  primary  skin  irritation,  since  it  was  previously 
observed that in instances in which the preparatory factors produced 
no  primary reaction  the  lesions  following intravenous  injections  of 
bacterial  filtrates  were clearly defined and  stronger than  when  the 
intradermal injections by themselves elicited inflammation. 
As is seen in Table I, an undiluted Filtrate 1703 and several batches 
of tuberculin, O.T.,  diluted 1:7.5  were employed for preparation of 
the skin.  24 hours later, large doses of the filtrates and tuberculin 
were injected  intravenously.  No  reactions  were to  be  seen  4  and 
24 hours after the intravenous injections. 
In this part of the work advantage was taken of the fact that the 
skin  prepared  with  the  factors  of one microorganism reacts  to  the 
intravenous injection of cultures and culture filtrates of other unre- 
lated microorganisms  (6). 
As is seen in Table II, the skin of rabbits was prepared by single 
injections of 0.25  cc. of various batches of human and bovine tuber- 
culin,  O.T.,  a  filtrate  of  bovine  B.  tuberculosis  broth  culture  and 
purified tuberculin T.P.T.  (kindly supplied by Dr. Florence Seibert). 
24  hours later,  the rabbits  received single intravenous injections of GREGORY  SHWARTZMAN  371 
meningococcus  and  B.  typhosus  "agar  washings"  filtrates.  The 
potency of the filtrates, as  indicated in Table II, was determined on 
rabbits prepared by intradermal injections of homologous filtrates. 
In  these  experiments,  batches  of  human  and  bovine  tuberculin, 
O.T., prepared in the Mount Sinai Hospital Laboratories were capable 
of inducing the state of reactivity (Groups 1, 4, 5, 6  and 8).  Similar 
attempts  with  the New York Board of Health tuberculins  and with 
TABLE  I 
Phenomenon of Local Skin Reactivity to B. tuberculosis by the  Use of Tuberculous 
Substances for  Intradermal  and  Intravenous  Injections  in  Normal  Rabbits 
Skin-preparatory  injections*  Intravenous injections 
Group 
No. 
Material used 
Haman  Tuberculin, 
O.T., 12 Mr. Sinai 
1703-Human  Tb.  Undilu- 
Hat--filtrate of 5%  ted 
glycerine  broth cul- 
ture 6 wks. old 
Human  Tuberculin,  1:6 
0.T., 14 N. Y. 
Board of Health 
Dilution 
1:7.5 
1:7.5 
Material used 
Hu~a~  Tuberculin, 
O.T., 12 Mt. Sinai 
1703-Human Tb. 
I-Iar--filtrate  of 
5%  glycerine 
broth culture 
Human  Tuberculin, 
O.T., 14 N. Y. 
Board of Health 
Dose per kg. 
of weight 
1 cc. un- 
diluted 
1 cc.  di- 
luted 
1:2 
3 cc. un- 
diluted 
2  cc.  di- 
luted 
1:2 
Reactions 
4 and 24 
hrs. after 
intravenou 
injections 
O/3t 
0/3 
0/9 
0/4 
* In all the tables,  0.25 cc. was injected intraderma]ly. 
"f In all the tables, the numerator indicates the number of positive rabbits. 
The denominator indicates the number of negative rabbits.  The sum of both 
indicates the total number of rabbits in each group. 
the purified T.P.T. tuberculin consistently failed.  It becomes obvious 
then that the skin-preparatory factors are found in tuberculins in low 
and  variable  concentrations. 
The previously described  (7) reciprocal  quantitative relationship between the 
qkin-preparatory and reacting factors is observed in  these experiments as well. 
Thus, Tuberculin 12 diluted 1:7.5 reacted with 10 reacting units.  When diluted, 
it failed  to react with less than 15 units.  Also, 25 reacting units did not elicit 
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In  experiments  summarized  in  Table  III,  meningococcus  and  B. 
typhosus culture  filtrates  of  ascertained  skin-preparatory  potency 
TABLE  II 
Phenomenon  of Local Skin  Reacti~ily to B.  tuberculosis  by the  Use of Tuberculous 
Products for  Intradermal  Injections,  and  Heterologous  Bacterial  Filtrates for 
Intravenous Injections 
Skln preparatory injection  Intravenous injection 
Group 
No. 
10 
11 
12 
13 
14 
15 
Material used 
Bovine  Tuberculin, 
O.T., 10 Mt. Sinai 
~c  c~ 
Human  Tuberculin, 
O.T., 12 Mt. Sinai 
T.P.T.  purified  tu- 
berculin Seibert 
N. Y. Board of 
Health  Tubercu- 
lin, O.T., 67 
Filtrate  of  10  day 
broth  culture  of 
human Tb. 1800 
Bovine  Tuberculin, 
O.T.,  7  Mt.  Sinai 
N. Y. Board of 
Health  Tubercu- 
lin, O.T., 14 
c¢  ¢c 
Dilution 
Diluted 1: 5 
"  1:7.5 
"  1:7.5 
"  1:5 
"  1:15 
"  1:7.5 
"  1:15 
"  1:5 
10 rag. 
Diluted 1:3 
Diluted 
Undiluted 
Diluted 1: 7.5 
"  1:5 
"  1:5 
Dose per kg. 
Material used  of weight 
T.1837 B.TyTL*  25 units  3/0 
"  "  25  "  0/5 
T.1832 B.TyTL  25  "  0/3 
T.1836 Mg.44B.t  25  "  2/1 
T.1847 B.TyT~.  25  "  0/3 
T.1837 B.TyTL  10  "  3/O 
"  "  12.5 units  0/3 
"  "  15 units  1/2 
"  "  15  "  0/3 
....  15  "  0/3 
Reaction 
5 hrs. 
after in- 
travenous 
injection 
"  "  15  "  0/3 
T.1795 Mg. 44B.  15  "  0/3 
T.1815 B.TyTL  25  "  0/3 
T.1876 Mg.44B.  25  "  0/3 
"  "  iO  "  0/3 
The  titrations  of the reacting  factors  were made  with  homologous filtrates 
injected  intradermaUy. 
* In  this  and  the  following  tables,  abbreviation  B.TyTL  designates  "agar 
washings"  filtrates  of  B.  typhosus,  Strain  T  cultures. 
t  In  this  and  the  following  tables,  abbreviation  Mg.44B.  designates "agar 
washings"  filtrates  of  meningococcus  Group  III  cultures. 
were employed for intradermal  injections.  Various batches of tuber- 
culin, O.T., were injected intravenously into the rabbits 24 hours later. GREGORY  SHWARTZMAN  373 
Here  again,  severe  reactions  resulted  from  five  tuberculin  batches 
(bovine  Tuberculins,  O.T.,  2,  3,  5,  11,  and  human  Tuberculin  12) 
TABLE  III 
Phenomenon of Local Skin Reactivity to B. tuberculosis  by the  Use of  Heterologous 
Bacterial  Filtrates  for Intradermal  Injections  and  Tuberculous  Substances  for 
Intravenous Injections 
Dose and material used for skin* 
preparatory  injections 
0.25 cc. T.1795 Mg.44B. 
0.25  "  "  " 
0.25  "  "  " 
0.25  "  T.1787  " 
0.25  "  "  " 
0.25  "  "  " 
0.25  "  T.1803 B.TyTL 
0.25  "  "  " 
0.25  "  T.1815  " 
0.25  "  "  " 
0.25  "  T.1832  " 
0.25  "  "  " 
0.25  "  "  " 
0.25  "  "  " 
0.25  "  "  " 
0.25  "  "  " 
Preparation employed 
lor intravenous 
injections 
50% glycerine 
broth 
Human Tubercu- 
lin, O.T., 2 Nit. 
Sinai 
Bovine Tuberculin, 
O.T., 3 Mr. Sinai 
Bovine Tuberculin, 
O.T., 5 Mt. Sinai 
Human Tuberculin, 
O.T., 6 Mt. Sinai 
Avian Tuberculin,  [ 
O.T., 9 Mt. Sinai 
Bovine Tuberculin, i 
O.T.,  10 Mt. 
Sinai 
Bovine Tuberculin 
O.T.,  11 Mt. 
Sinai 
Human Tuberculix 
O.T., 12 Mt. 
Sinai 
Dose of intravenous 
injection per kg. of 
weight 
4  cc. undiluted 
Results 
0/3 (one died 1 
rain.  after 
intravenous 
injection) 
2  "  " 
1.2"  " 
1 cc. dilution 1:2 
1  "  "  1:7 
I  "  undiluted 
1  "  dilution 1:2 
1  "  undiluted 
1  " 
1  "  dilution 1 : 2 
1  "  undiluted 
1  "  dilution 1: 2 
1  "  "  1:5 
0/3 
o/3 
1/o 
3/o 
0/3 
2/1 
1/1 
o/3 
0/3 
o/3 
s/o 
1/2 
2/1 
3/0 
0/3 
but failed with three  other preparations  (human Tuberculin 6, avian 
Tuberculin 9 and Bovine tuberculin 10).  It is of interest that bovine 374  LOCAL  SKIN  REACTIVITY  TO  B.  TUBERCULOSIS.  I 
Tuberculin  10, which failed to elicit  reactions in the experiments  re- 
vealed here,  proved potent  when  used as  a  skin-preparatory  agent. 
As is seen from the experiments  thus far described, tuberculin, O.T., 
contains in low concentration the factors necessary for the elicitation 
of the  phenomenon.  This  becomes obvious if  the  doses  employed 
in  these  experiments  are  compared  with  those  of  meningococcus, 
B.  typhosus  and other culture  filtrates.  The reactions  under discus- 
sion  cannot  be obtained unless  non-tuberculous bacterial  filtrates  of 
high potency are used either for the skin preparation or for intravenous 
injection.  In this manner  the  deficiency in potency of tuberculin is 
made up for by tal~ing advantage of the strict quantitative  reciprocity 
of skin-preparatory  and  reacting  (intravenous)  factors  recorded  in 
previous papers. 
It is noteworthy that a batch of tuberculin was encountered which was endowed 
with skin-preparatory potency but was lacking in reacting  factors.  This is also 
a corroboration of previous observations on the apparent  independence of skin- 
preparatory  and  reacting  factors.  Thus,  the  majority  of  B.  typhosus  culture 
filtrates  contained  about  150  skin-preparatory  units  and  between  400  to  600 
reacting units per 1 cc.  On the other hand, some meningococcus culture filtrates 
contained as many as 3000 reacting  units  for  the same or smaller numbers of 
skin-preparatory units.  Moreover, culture filtrates of some bacterial species (i.e. 
streptococcus) (6), serum precipitates  (8), agar  (9, 8) and  starch  (5) empowered 
with reacting potency were devoid of skin-preparatory  effect. 
In the experiments reported here, Seibert T.P.T.  and the New York 
Board of Health tuberculin  were  completely inactive whilst prepara- 
tions  made  in  these  laboratories  were  capable  of eliciting  the  phe- 
nomenon.  This  demonstrates  that  the  factors  necessary  for  the 
elicitation of the phenomenon  of local skin reactivity are not related 
to tuberculin substances proper. 
As described above the tuberculin of these laboratories was prepared 
by evaporation at 56°C. for 24 to 36 hours.  The New York Board of 
Health workers evaporated the tuberculin by boiling over a free flame. 
It was shown in our early publications that prolonged exposure to heat 
is  likely  to  inactivate  the  factors  necessary  for  the  phenomenon  of 
local  skin  reactivity  under  discussion.  Presumably,  therefore,  the 
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may  be  due  to  prolonged  boiling.  Apparently,  the  purification 
methods of Seibert also remove the toxic substances described here2 
Recent studies on the phenomenon of local skin reactivity to bac- 
terial filtrates have demonstrated that  the intravascular interaction 
of animal proteins and bacterial antigens with homologous antibodies 
brings about prompt and severe hemorrhagic necrosis at  the site of 
tissues rendered vulnerable by previous injection of a potent bacterial 
filtrate.  The interaction of antigens with antibodies was obtained 
as follows: (1) By the use of mixtures made in vitro of animal sera and 
egg albumin with homologous antibodies;  (2)  through intravenous 
injection of animal sera and egg albumin into rabbits passively sen- 
sitized with homologous antisera;  (3)  by the intravenous injection of 
animal proteins into rabbits previously actively sensitized to the same 
protein, and  (4)  through the intravenous injection of pneumococcus 
culture filtrates, incapable of eliciting the phenomenon by themselves, 
into rabbits  previously passively sensitized with antipneumococcus 
antisera (10),  and, as also recently shown by Plaut (11), through the 
intravenous injections of mixtures of Spirocheta  pallida haptenes with 
anti-Spirocketa  serum. 
The object of the experiments reported in this paper was to deter- 
mine whether the interaction of tuberculous material with homologous 
antibodies  would  elicit  hemorrhagic  necrosis  at  sites  prepared  by 
injection of potent bacterial filtrates. 
(a) Fifteen groups of three rabbits were given each, weekly single 
intradermal injections of bacterial filtrates of ascertained skin-prepar- 
atory potency.  24 hours after each intradermal injection the rabbits 
tin recent  publications  (5) Freund has stated  that the primary hemorrhagic 
effect  of substances  injected  intradermally  is in direct  relationship  to its phe- 
nomenon-producing potency.  This conclusion  would appear to be erroneous. 
For as can be seen from the experiments described  in the present  paper,  tuber- 
culin,  O.T.,  has  a primary  hemorrhagic  effect  associated  with  a low  skin-prepara- 
tory potency. Moreover, the skin-preparatory  potency  may  be absent from 
many batches  of tuberculin,  whilst  the primary hemorrhage-producing property, 
which is  due to  high concentration  of  glycerine,  is  constantly  present. 
In extensive  histological  studies  on  the  phenomenon, Gerber  (13)  found  that  B. 
typhosus culture  filtrates with a skin-preparatory potency shown  above to be ten to 
twenty times  stronger  than tuberculin  never  elicited  any primary  hemorrhages.  Ad- 
ditional  experiments  dealing  with this problem  will  he published  in the near future. TABLE  IV 
Skin-preparatory injections 
1st  2nd  5th  6th  1st  2ud 
,roup 
No. 
1 
4 
10 
11 
12 
13 
14 
15 
0.25 cc. 
T.1811 
Mg.44B. 
(,~  [l 
¢C  CC 
0.25 cc. 
T.1815 
B .TyT~ 
3rd  4th 
0.25 cc.  0.25 cc. 
T.1826  T.1815 
Mg.  B.TyTL 
20745* 
"  "  0.25 CC. 
T.1815 
B .TyTL 
0.25 cc. 
T.1815 
B.TyT~. 
0125  CC. 
T.1815 
B.TyTL 
gg  cC 
0.25 ec. 
T.1815 
B.TyTL 
0.25 cc. 
T.1832 
B.TyTL 
0.23 cc. 
T.1815 
B.TyTL 
cc  ~g 
0.25 cc. 
T.1815 
B.TyT,. 
3 cc. T.1819 bo- 
vine  Tb.  ill- 
trate 4 wks. old 
3 cc. T.1818 bo- 
vine  Tb.  fil- 
trate 8 wks. old 
3 cc. T.1817 bo- 
vine  Tb.  fil- 
trate 9 wks. old 
3 cc. T.1827 bo- 
vine  Tb.  fil- 
trate 5 days old 
I  cc. Tuberculin 
7  bovine, O.T. 
1 cc. Tuberculin 
5  bovine, O.T. 
3 cc. T.1825 hu- 
man  Tb.  ill- 
trate 4 wks. old 
3 cc. T.1824 hu- 
man  Tb.  fil- 
trate 5 wks. old 
3 cc. T.1823 hu- 
man  Tb.  fil- 
trate 9 wks. old 
1 cc.  human 
Tuberculin 6 
3  cc.  T.1828 
avian  Tb.  fil- 
trate 5 days old 
3  cc.  T.1822 
avian  Tb.  fil- 
trate 4 wks. old 
3 cc. T. 1820 av- 
ian Tb. filtrate 
1  cc.  Tuber- 
culin  9  av- 
ian, O.T. 
* Mg.  =  menmgocoocus Strain 20745. 
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3  CC.  T.1819 
3  "  " 
3  "  T.1818 
3  "  T.1817 
3  "  T.1827 
1  cc.  Tuber- 
culin  7,  bo- 
vine, O. 
1  cc.  Tuber- 
culin 7 
3  cc.  T.1825 
3  "  T.1824 
3  "  T.1823 
1 cc. Tuber- 
culin 6 
3  cc.  T.1828 
3  "  T.1822 
3  "  T.1820 
1  cc.  Tuber- 
culin 9 Intravenous injections 
3rd  4th  Sth  6th  7th 
3 cc.T.1819 
3  "  " 
3  "  T.1818 
3  "  T.1817 
3  "  T.1827 
1 cc. Tuber- 
culln  7 bo- 
vine, O.T. 
1 cc. Tuber- 
culin 7 
3 cc. T,1825 
3  "  T.1824 
3  "  T.I823 
1 cc. Tuber- 
culln  6 
3 cc.T.1828 
3  "  T.1822 
3  "  T.1820 
1 cc. Tuber- 
culin  9 
3 cc.T.I819 
3  "  " 
3  "  T.1818 
3  "  T.1817 
3  "  T.1827 
1 cc. Tuber- 
culin  7  bo- 
vine, O+T. 
3 cc. T.1825 
3  "  T.1824 
3  "  T.I823 
1 cc. Tuber- 
culin6dilu- 
fion 1:10 
3cc. T.1828 
3  "  T.1822 
3  "  T.1820 
1 co. Tuber- 
culin  9 
3 cc.T.I819 
3  "  " 
3  "  T.1818 
3  "  T+1817 
3  "  T.1827 
1 cc. Tuber- 
culin 7 bo- 
vine,  O.T. 
3 cc.  T.1825 
3  "  T.1824 
3  "  T.1823 
1 cc. Tuber- 
culin6dilu- 
fion 1:10 
3 cc.T.1828 
3  "  T.1822 
3  "  T.1820 
1 cc. Tuber- 
calln  9  di- 
lution 1:5 
3 cc.T.1819 
1 ee. human 
Tuberculinj 
O.T., 6 
3 c¢. T.1818 
3  "  T.1817 
3  "  T.1827 
I cc. Tuber- 
culin 7 bo- 
vine,  O+T. 
3 cc. T.1825 
3  "  T.1824 
3  "  T.I823 
3 cc. T.1828 
3  "  T.1822 
I cc. Tuber- 
culin 9 dilu- 
tion 1:10 
1  cc. human 
Tuberculin 6 
1  co.  human 
Tubexculin 6 
3 co. T.1817 
)131 
)/21 
)/31 
V3] 
)/3 
)131 
I 
)/3j 
)/3~ 
i 
)/3 
V3 
V3 
i 
)/3 i 
I 
0/3 
0/3 
:)/3 
Reactions 5 hrs. after intrave- 
nous injections 
2nd  3rd  4th  Sthl 6th  7th 
)/3 0/3 o13 )/2  i  :)/1 - 
] 
)12 o12 o12 )121  z/o - 
313 0/3 0/3 3/313/3  -- 
] 
:)/3 I/2 I/2 t/2  ~  3/0 -- 
! 
0/3 0/3 0/3 :)/3 o13 -- 
I  ! 
i 
0/3 0/2 0/2 :)/2 0/21/1 
I 
~/~3/0--  ----  -- 
~/3 0/2 o/2  :)/21  ~/2 ~/~ 
~/3 o/2 o/2  V2 o/21/1 
~/3 o/2 o/2 3/2 o/2 I/1 
i 
t/t 2/o o/2 0/2 --  -- 
013 013 013 :)13  013 012 
i 
o/3 o/3 0/3 0/3 i/2  /0 
013 013 211 012 -  -- 
013 012 ill  z/0 ill 012 
I 
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were injected  intravenously with  certain  tuberculin,  O.T., batches 
and filtrates of tuberculous cultures of various ages.  The results are 
summarized in Table IV. 
Following the first intravenous injection of the materials selected, 
no reactions appeared at the prepared sites.  After the second injec- 
tion, there appeared reactions in one group (No. 11).  The third injec- 
tion produced necrosis again in Group 11 and also in Groups 4 and 7. 
As a  result of the fourth injection, reactions were obtained in pre- 
viously susceptible Group 4, and in new Groups 14 and 15.  The fifth 
injection produced repeated reactions in Groups 4  and 15; the sixth 
injection repeated reactions in Groups 4 and 15 and in previously non- 
reactive Groups 2  and  13,  and finally the seventh injection elicited 
necrosis in new Groups 6,  8,  9  and  10  and the previously reactive 
Group 4.  As is also seen in the same table, the reactions elicited in 
the manner described were obtained with tuberculin, O.T., preparations 
of human, bovine and avian types, and bovine, human and avian B. 
tuberculosis  culture filtrates of 4  and 9 weeks incubation, and failed 
with two 5 day and one 8 week old culture filtrates of bovine type. 
It is also of interest that some of the groups once reactive continued 
to show reactions with each subsequent intravenous injection (Groups 
4,  13), whilst others became refractory after one or several reactions 
(Groups 11,  14,  15). 
As is seen from all the facts presented, it is possible to elicit the 
phenomenon of local skin reactivity to bacterial filtrates by repeated 
weekly intravenous injections of tuberculous materials into rabbits 
prepared by intradermal injections of bacterial filtrates of ascertained 
skin-preparatory  potency  (meningococcus, B.  lyphosus,  etc.).  The 
materials  may  be  either  tuberculin,  O.T.,  preparations  of  human, 
bovine and human types or culture filtrates of 4 and 9 weeks incuba- 
tion.  The failure to elicit reactions with 5 day and 8 week old culture 
filtrates may be due to a natural variation in susceptibility of rabbits. 
After varying intervals of time, i.e. from 1 to 3 weeks, some rabbits 
may become refractory to the phenomenon.  It remains to determine 
whether the preparation~ vary in their ability to induce the refractory 
state. 
(b)  Attempts were made to elicit reactions by injection of mixtures 
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also by the intravenous injection of tuberculous material into rabbits 
passively  sensitized  by  previous  injection  of  tuberculous  antisera. 
All the rabbits were prepared with  meningococcus and B.  typhosus 
"agar washings" filtrates 24 hours prior to the intravenous injection. 
The experiments with in vitro mixtures are summarized in Table V. 
There were also numerous experiments on passively sensitized rab- 
bits not recorded  here.  The antisera were sera of rabbits showing 
reactions in experiments of Table IV; sera of human cases of tuber- 
TABLE  V 
Phenomenon  of Local Skin Reactivity  to B.  tuberculosis  by the  Use of tteterologous 
Bacterial  Filtrates  for  Intradermal  Injections  and  Mixtures  of  Tuberculous 
Substances  with Antibodies for  Intravenous  Injections  in Normal  Rabbits 
Group 
No. 
Skin-preparatory 
injection 
0.25  CC.  T.1838 
MgA4B. 
Intravenous injection 
Ingredients  of mixtures 
Tuberculin 12 
dilution 1: 6 
Tuberculin 12  "  " 
dilution 1: 4 
Tuberculin 12  "  " 
dilution 1:6 
Tuberculin 12 
dilution 1:10 
R. Serum 559* 
559 
577 
573 
577 
dilution 1: 50 
R. Serum 577 
2 
2 
2 
2 
2 
Results 
0/3 
0/3 
3/0 
0/3 
0/3 
1+/2 
* R.  = rabbit. 
culosis  and  tuberculous  guinea  pigs.  With  the  exception  of  one 
instance  recorded  in Table  IV,  all the experiments failed.  For  the 
time being, therefore,  it  appears that in contradistinction  to experi- 
ments  with pneumococcus,  passively  acquired  tuberculous  antigen- 
antibody complexes are incapable of eliciting reactions at the prepared 
skin sites. 
DISCUSSION  AND  CONCLIISIONS 
In this paper there is described the phenomenon of local skin reac- 
tivity to B.  tuberculosis.  The skin-preparatory and reacting factors 380  LOCAL  SKIN  REACTMTY  TO  B.  TUBERCULOSIS.  I 
of this phenomenon may be obtained in tuberculin, O.T.  However, 
because of their low concentration, it is necessary to inject either in- 
tradermally or intravenously heterologous bacterial filtrates of high 
potency.  Thus,  advantage  is  taken  of  the  previously  observed 
quantitative reciprocity of the skin-preparatory and reacting factors. 
The skin-preparatory and  reacting factors of tuberculin have  no 
apparent relation  to the tuberculin substances proper, inasmuch as 
standardized tuberculins of New York Board of Health and Seibert 
T.P.T. tuberculin fail to elicit the phenomenon of local skin reactivity 
to B. tuberculosis.  The preparations which were potent were made in 
these laboratories by evaporation at 56°C. for 24 to 48 hours.  It is 
possible that the skin-preparatory and reacting factors are destroyed 
by the higher temperatures employed for preparation by the Board of 
Health;  and also  by the Seibert chemical methods for purification. 
The demonstration of certain new toxic substances in tuberculous 
materials  seems to  be  of interest.  Experiments are  under way  in 
order to determine whether the toxic substances can be specifically 
neutralized in  a  manner similar to  meningococcus and  B.  typhosus 
toxic substances. 
Preparations which fail to elicit reactions on a single intravenous in- 
jection may be able to do so on weekly repeated intravenous injections. 
(A detailed description is given on pages 375 and 376.)  There is no 
direct proof as to the underlying mechanism.  However, it appears 
possible that it depends on the interaction of the tuberculin with anti- 
bodies actively acquired after repeated injections.  This was clearly 
shown to be the case with active animal proteins and other bacterial 
antigens by passive transfer experiments. 
It appears, therefore, that the observations can be advantageously 
used  as  a  measure of  antibody  response  to  tuberculous materials. 
The method is worthy of consideration because of the well known 
difficulties in demonstration of tuberculous antibodies.  The observa- 
tions present also an interest from the point of view of problems of 
tuberculin hypersensitiveness.  As shown by Baldwin, Zinsser, et al., 
(12)  the essential prerequisite for elicitation of tuberculin hypersen- 
sitiveness is the presence of a  tuberculous focus in the animal tissue, 
produced by live tubercle bacilli and more irregularly by massive doses 
of dead ones.  Attempts to elicit this state with tuberculous culture GREGORY  SHWARTZMAN  381 
filtrates  and  tuberculin  consistently  failed.  The  experiments  de- 
scribed here demonstrate a  state of tuberculin hypersensitiveness of 
rabbits obtained with tuberculin and bacteria-free culture filtrates in 
the absence of tuberculous loci.  The reactions can be elicited provided 
two important requirements are fulfilled: (1) The tissues are rendered 
vulnerable through  contact  with  certain  soluble  bacterial  filtrates. 
(2)  The tuberculin or the tuberculous culture filtrates  are injected 
intravenously into immunized rabbits. 
It  remains to  determine whether the  r01e of  an  active infection 
necessary for the tuberculin hypersensitiveness consists in the secretion 
of potent soluble preparatory factors having the properties described. 
As has been seen, injury may be obtained in tissues rendered vul- 
nerable by tuberculous materials, through the intravascular introduc- 
tion  of  heterologous  bacterial  factors.  This  seems  to  point  to  a 
possible influence of secondary infections upon the evolution of tuber- 
culosis and possibly may explain sudden relapses and exacerbations of 
chronic tuberculosis.  It  is  planned to  determine whether prophy- 
lactic immunization with the toxic substances derived from secondary 
organisms may prove beneficial in the care of tuberculosis. 
SU]WMARY 
New  toxic  substances in certain tuberculin,  O.T., and B. tylbho;~ 
culture  filtrates  are  described.  These  substances  are  capable  of 
eliciting the hemorrhagic necrosis characteristic of the phenomenon of 
local skin reactivity provided heterologous bacterial filtrates of high 
potency are used either for the intradermal or the intravenous injec- 
tion.  The toxic substances  apparently have no relationship to  the 
tuberculin substances proper. 
The experiments with inactive preparations also demonstrate in rab- 
bits a state of hypersensitiveness to tuberculin, O.T., and bacteria-free 
culture filtrates in the absence of tuberculous foci.  The reactions are 
elicited provided the tissues are rendered vulnerable through contact 
with certain soluble bacterial factors capable of eliciting the phenome- 
non of local skin reactivity to bacterial filtrates, and provided the tuber- 
culin or the tuberculous culture filtrates are injected intravenously 
into immunized rabbits. 382  LOCAL SKIN  REACTIVITY TO  B.  TUBERCULOSIS.  I 
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